Human rhinovirus (HRV) must be viewed as a significant etiological agent of acute low respiratory tract infections (ALRIs) in infants and young children. The present study has been carried out to investigate the prevalence of recently identified respiratory viruses and determine the phylogenetic composition of HRV strains. In total, 923 nasopharyngeal aspirates (NPAs) collected from hospitalized patients with ALRIs between January and December 2010 (453 females and 470 males) at five referral hospitals in Seoul were tested for respiratory viruses. Viruses were detected by RT-PCR (Reverse transcription polymerase chain reaction) in 501 (54.3%) of the 923 positive samples obtained. Overall, HRV was detected in 7.9%, ADV in 10.2%, IFV in 21.9%, RSV in 3.6%, hMPV in 2.7%, HCoV in 2.5%, HEV in 1.6%, HBoV in 1.6%, and PIV in 2.4% of the samples. HRV infections occurred throughout the year, with peaks in January, May, July, and November of 2010. Phylogenetic analyses using the VP4/VP2 cording region showed that among the 27 isolates with HRV, 14 (52%) were infected with species A, 2 (7%) were infected with species B, and 11 (41%) were infected with the strains from HRV-C. HRV-C sequences are genetically distinct, sharing only 32% to 33% of their amino acids with HRV-A and HRV-B, while retaining 46% to 100% identity with each other. HRV-A, B, and C were co-circulating in children hospitalized with ALRIs in Korea in 2010. These findings indicated that HRV-C was the important causative agent of HRV associated with ALRIs.
Introduction
Human rhinoviruses (HRVs) are important human respiratory viruses and the most common etiological agents of upper respiratory tract infections (URTIs), lower respiratory tract infection (LRTIs) and common colds [1] - [5] . Lower respiratory illnesses are more likely to occur in specific high risk groups, including infants, and children and adults with asthma [6] .
HRV is transmitted either by direct contact with contaminated fomites followed by self-inoculation of the eye or nose or by aerosolized droplets [7] .
More than 100 HRV serotypes have been identified. Traditionally, HRVs have been divided into two strains: HRV-A and HRV-B. Considerable variation may exist in the genetic characteristics of different HRV strains, and the viruses seem to circulate without any identifiable pattern [8] . Phylogenetic analysis of VP4/VP2 and VP1 sequences has shown that all but one HRV serotype belonged to two different species, HRV-A (comprising 74 serotypes) and HRV-B (comprising 25 serotypes) [4] [9] .
The aim of this study was to present the detection of common respiratory pathogens in respiratory illness, and to determine the frequency and genetic diversity of HRV infections during 2010 in patients between 42 days and 64 years of age, who were hospitalized with ALRIs in five reference hospitals in Seoul, Korea.
Materials and Methods

Specimens
In total, 923 nasopharyngeal aspirates (NPAs) collected from hospitalized patients with acute respiratory symptoms (ARS) between January and December 2010 (453 females and 470 males) at five referral hospitals in Seoul were tested for respiratory viruses. The study protocol was approved by the ethics committee of each hospital. The ages of the patients were between 42 days and 64 years, and all were patients who had presented themselves to reference hospitals in Seoul, Korea.
Detection of Other Respiratory Viruses
All specimens were tested for the presence of Human metapneumovirus (hMPV), respiratory syncytial virus (RSV), influenza viruses A and B (IFVA and IFVB, respectively), parainfluenza virus types 1 to 3 (PIV-1 to -3, respectively), and human coronavirus (HCoV; strains 229E, OC43), which were detected by reverse transcription-PCR, and adenovirus (ADV) and human bocavirus (HBoV), which were detected by PCR and RT-PCR , as described in a previous study [10] .
RNA Isolation and RT-PCR
Nasal/throat swabs were each deposited into a viral transport medium (Beckton-Dickinson). After thorough mixing, each sample suspension was centrifuged (800 × g, 20 min, 4˚C). Nucleic acid was extracted from 200 μl of sample suspension using the QIAamp Viral RNA mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The viral RNA was finally eluted from the spin column in 50 μl of elution buffer and stored at −70˚C. RT-PCR was performed for the amplification of the 5' noncoding region of HRV from clinical specimens. The primer was used to amplify a 380-bp fragment of OL27 (5'-AGG ACA CCC AAA GTA G-3') and OL26 (5'-GCA CTT CTG TTT CCC C-3'). RT steps were carried out at 42˚C for 1 h, followed by heating at 95˚C for 5 min to inactivate the enzyme, and then cooled immediately to 4˚C. Amplification reactions were subjected to an initial denaturation step of 95˚C for 8 min, followed by 35 amplification cycles of 45 sec at 95˚C, 45 sec at 60˚C, and 45 sec at 72˚C, and followed by a final extension at 72˚C for 10 min. All PCR amplifications were carried out on a TGRADIENT thermal cycler (Biometra, Germany).
The amplification and sequencing of the VP4/VP2 cording region is used to define genotypes. The reverse transcription (RT) was performed using a random primer. 5 μl of extracted RNA was mixed with a reaction mixture consisting of 2 μl of 10× reverse transcription Buffer (Invitrogen, USA), 2 μl l of 10 mM dNTPs (Invitrogen, USA), 1.0 μl (1 μg/μl) of 9 mer random primer (Takara, Japan), 0.75 μl of 10 mM DTT (Invitrogen), 0.5 μl (33 U/μl) of RNase Inhibitor (Toyobo, Osaka, Japan), and 0.75 μl (200 U/μl) of SuperScript Reverse Transcriptase II (SS RTII; Invitrogen). RT steps were carried out at 42˚C for 1 h, followed by heating at 95˚C for 5 min to inactivate the enzyme, and then cooled immediately to 4˚C. PCR and Nested PCR were carried out as described in the previous study [10] . In this study, the cDNA was then amplified in a nested PCR, using RV-1 (5'-ACCRACTACTTTGGGTGTCCGTGT-3', position 533 -556 in HRV-C 024) as the outer sense primer, RV-2 (5'-TCIGGIADYTTCCAICACCAICC-3', position 1046 -1067 in HRV-C 024) as the outer and inner anti sense primers for PCR, and RV-3 (5'-ACTACTTTGGGTGTC CGT-3', position 551 -567 in HRV-C 024) as the inner sense primer for nested PCR. Both amplification reactions were subjected to an initial denaturation step of 95˚C for 4 min, followed by 30 amplification cycles of 30 sec at 95˚C, 30 sec at 60˚C, and 90 sec at 72˚C and followed by a final extension at 72˚C for 10 min. All PCR amplifications were carried out on a TGRADIENT thermal cycler (Biometra, Germany).
Nucleotide Sequencing
The RT-PCR products were purified using a QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany). Analyses of the nucleotide sequences were carried out by Cosmogentec (Korea) using a Big Dye Dideoxy cycle sequencing kit and an ABI PRISM 3730XL Analyzer (Applied Biosystem, U.S.A.). HRVs detected in the year 2008 were determined using MEGA version 5.1 [11] by phylogenetic analysis of the VP4/VP2 cording region, using the Neighbor Joining algorithm with the Kimura two-parameter model of the Clustal X program. Partial sequences for the HRV strain were submitted to Genebank (JQ417862-417886).
Results
The 923 patients in whom respiratory viruses were detected, in this study were between 42 days and 68 years of age, with 50.3% (464/923) under 5 years of age (Figure 1 ).
Viruses were detected by RT-PCR in 501 (54.3%) of the 923 samples obtained. Overall, HRV was detected in 7.9%, ADV in 10.2%, IFV in 21.9%, RSV in 3.6%, hMPV in 2.7%, HCoV in 2.5%, HEV in 1.6%, HBoV in 1.6%, and PIV in 2.4% of the samples ( Table 1) .
Coinfections of respiratory viral agents were found in 24 (4.6%) of the positive samples, in which the mixed infection with HRV were due to IFVA and ADV in 4 (0.8%) samples, HEV in 3 (0.6%) samples, and HBoV and HCoV in one (0.2%) sample each ( Table 1) .
HRV infections occurred throughout the year, with peaks in January, May, July, and November of 2010 (Figure 2) .
Amplified PCR products of approximately 535 bp comprising the VP4/VP2 cording region were obtained from 27 HRV prototype strains. The genetic characteristics of the 27 HRV strains examined in this study along 
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with 21 reference strains are summarized in Figure 3 . A phylogenetic tree obtained using the NJ method based on the VP4/VP2 cording region of the viral protein showed that among the 27 isolates with HRV, 14 (52%) were infected with species A, 2 (7%) were infected with species B, and 11 (41%) were infected with the strains from HRV-C. The alignment of the sequences in the present study with the HRV prototype strains resulted in three clusters: HRV-A, HRV-B, and HRV-C. Within the HRV-A cluster, the between-serotype pair wise nucleotide identities ranged from 72% to 96%, and the corresponding amino acid identities from 48% to 91%. The corresponding values in the HRV-C species were from 69% to 100% and from 46% to 100%, respectively. Between the human rhinovirus species the nucleotide and amino acid identities varied between 57% and 60%, and 33% and 44%, respectively.
Discussion
In order to better understand which viruses is the most common causative agent of ALRIs, it would be valuable to know the monitoring and surveillance results of well-recognized respiratory viruses. HRV is often concurrently detected with other viruses found in the respiratory tract occurring throughout the year [12] . However, few studies in Korea have reported HRV infections. Cho et al. identified HRV in 18.5% of neonates hospitalized with ALRIs from January 2009 through to May 2010 [13] . Chung et al. detected HRV in 33.3% of children hospitalized with acute wheezing, aged from 1 month to 5 years [12] .
Previous studies have indicated that HRVs are the most common cause of illness in children and adults of all ages in around world [14] - [18] . In the present study, more than half of the patients (54.3%) were infected with at least one viral agent, with HRV being the fourth most common virus. The prevalent rates are in good agreement with other reports [19] [20] . Another study performed in Hong Kong from 2004 to 2005 also found that 16.9% were positive for HRV in NPAs (Nasopharyngeal aspirates) from pediatric patients [4] . The most prevalent age of the patients infected with HRV (were those under 5 years of age). The number of these patients was found to be significantly higher than the HRV infected patients over 5 years of age. This finding is in agreement with a recent prospective multicenter surveillance study of hospitalized children documenting HRV, which found that HRV was detected more frequently in children <5 years of age [21] . This was in line with the observation that young children with respiratory symptoms have a major role in the transmission of HRV [22] [23] . Another study performed in the Canada between 1999 and 2000 found that HRVs are often the most prevalent virus detected in children with acute respiratory disease [24] . More remarkably, another study performed in Greece from 1988 to 1990 reported that the presence of HRV increased the risk for disease severity in acute bronchiolitis by approximately fivefold [14] . The seasonal distribution of HRV infections showed that it was detected throughout the year, with peaks in spring and autumn in temperate regions [8] , which was also confirmed by other studies [21] [25] [26] . The HRV species in our study was detected predominately in the spring and summer. Interestingly, our study has demonstrated that HRV infections occur year round.
Some investigators have indicated that co-infection with different respiratory viruses might lead to a more severe disease, or have found that multiple viruses have been detected from patients with severe disease [27] - [29] . The present results showed that combinations of respiratory virus infections were present in 24 (4.6%) of the positive samples, in which the most common mixed infection was IFVA, ADV, and HRV in 4 (0.8%) of the positive samples. Previous studies have indicated that the co-infection rates were 2.3% [30] , 4.5% [31] , and, 23% [32] . This is in contrast to a respiratory virus infection study like ours, in which the mixed respiratory virus infections found that the main viral agents detected were RSV (36 of 44) and HRV (22 of 44), these two viral agents resulted in the most found dual viral respiratory infections (29.5%), and co-infections occurred in about half of the children [33] [34] . Another study showed that RSV and HCoV were the major co-infection viruses. The reason is partly due to the high detection rate of RSV and the similar seasonal circulation patterns of these viruses [19] . Our observations are also consistent with the findings of Greer et al. [12] who identified similar negative associations between the detection of HRV and the co-detection of different respiratory viruses, including IFVA [35] .
The detection rates for the three HRV species, HRV-A, HRV-B, and HRV-C, were 52%, 7%, and 41%, respectively. This pattern is in agreement with previous report on molecular epidemiology of human rhinovirus infection in Mongolian 2008-2013 in which its prevalence was shown in HRV-A, HRV-B, and HRV-C, were 47.1%, 8.2%, and 44.7%, respectively [20] . As reported from other parts of the world, HRV-A and HRV-C were found to be the also predominant as it was identified in 34% -63% of tested samples, whereas HRV-B was the least common species [5] [20] . A previous report indicated that 5% of RTIs among inpatients are caused by HRV-C [36] . It has been reported that investigators have detected the newly described HRV-C in several countries [14] . HRV-C appears to be an important cause of febrile wheeze and asthmatic exacerbation in children requiring hospitalization [4] . Complete genome analysis reveals that HRV-C is circulating worldwide and is associated with acute respiratory infections [4] . In our study, 11 of 27 HRV sequences (41%) were grouped in the HRV-C cluster. It has been suggested by Jin et al. that HRV-C is an important etiological factor in children with RTIs [19] .
In this study, the HRV-C sequences are genetically distinct, sharing only 32% to 33% of their amino acids with HRV-A and HRV-B, while retaining 46% to 100% identity with each other. In addition, these sequences showed 51% to 59% amino acid identity with known strains of HRV QPM. In accordance with previous data, HRV-C showed a high degree of sequence variation between individual strains [19] . A recent studies investigated HRV-C may be more frequently associated with LRTI compared to HRV-A, even when adjusting for confounding factors [3] [37] . It is important to carefully monitor the species to be prepared for the potential emergence of more virulent variants.
Conclusion
The aim of this study was to present the detection of common respiratory pathogens in respiratory illness, and to investigate and describe the molecular epidemiology of HRV circulating in Seoul, Korea. In conclusion, HRV-A, B, and C were co-circulating in children hospitalized with ALRIs in Korea in 2010. These findings indicated that HRV-C was the important causative agent of HRV associated with ALRIs.
